Abstract. ADAM17, also known as tumor necrosis factor-α converting enzyme (TACE), is involved in proteolytic ectodomain shedding of cell surface molecules and cytokines. Although aberrant expression of ADAM17 has been shown in various malignancies, the function of ADAM17 in prostate cancer has not been clarified. In the present study, we sought to elucidate whether ADAM17 contributes to prostate cancer cell invasion, as well as the mechanism involved in the process. The expression pattern of ADAM17 was investigated in human prostate cancer cells. The results showed that ADAM17 expression levels are correlated with the invasive ability of androgen-independent prostate cancer cell lines. Further, ADAM17 was overexpressed in cells showing high invasion characteristics, activation of the EGFR-MEK-ERK pathway, up-regulation of MMP-2, MMP-9, and an increased TGF-α release into the supernatant. However, AG1478, PD98059 and antibody against TGF-α deactivating the EGFR-MEK-ERK signaling pathway, abolished up-regulation of MMP-2, MMP-9 and prevented cell invasion. In addition, cells with knockdown of ADAM17 by siRNA exhibited low invasive ability, deactivated EGFR-MEK-ERK signaling pathway, reduced TGF-α released and down-regulation of MMP-2, MMP-9. However, these effects could be reversed by simultaneous addition of TGF-α. These data demonstrated that ADAM17 contributes to androgen-independent prostate cancer cell invasion by shedding of EGFR ligand TGF-α, which subsequently activates the EGFR-MEK-ERK signaling pathway, leading finally to overexpression of MMP-2 and MMP-9. This study suggests that the ADAM17 expression level may be a new predictive biomarker of invasion and metastasis of prostate cancer, and ADAM17 could provide a target for treating metastatic PCa.
Introduction
Prostate cancer (PCa) is one of the most common malignancies among Western males with an occurrence of approximately 192,280 new cases and 27,360 deaths in the US, in 2009 (1) . The growth and maintenance of cancerous cells in the early stages of prostate cancer is androgen-dependent and therapy often involves androgen deprivation (2) . In the later stages therapeutic alternatives are not available, as the tumor progresses from androgen-dependence to -independence. The lack of effective therapies for advanced PCa is related to a large extent to poor understanding of the molecular mechanisms underlying the progression of disease toward invasion and metastasis (3) . Therefore, the identification of new predictive biomarkers, especially those that are indicative of invasiveness of the disease, which could serve as targets for establishing effectiveness of therapeutic and chemopreventive interventions, will improve clinical management of PCa (4) .
The ADAMs (a disintegrin and metalloproteinase) are members of the metzincin superfamily of Zn-dependent matrix metalloproteinases. They are transmembrane and secreted proteins with important roles in diverse biological functions, such as fertilization, adhesion, migration, proteolysis and signaling (5, 6) . Recently, specific ADAMs were implicated in a broad range of diseases, including Alzheimer's disease, asthma, diabetes, rheumatoid arthritis, atherosclerosis, kidney fibrosis, and cancer (7, 8) . To date, 21 functional ADAMs have been described in humans and 40 in different organisms (9) . Out of this long list of ADAMs, the best characterized ADAM family member is ADAM17. ADAM17, also known as tumor necrosis factor-α converting enzyme (TACE) was originally described as being responsible for the proteolytic cleavage of the soluble form of tumor necrosis factor-α (TNF-α), which is located on the cell surface (10, 11) . However, subsequent studies showed that ADAM17 also sheds a variety of important cell surface molecules, including growth factors (12) , adhesion molecules (13, 14) and chemokines (15, 16) . Any of these play key roles in a variety of diseases, including cancer. Aberrant expression of ADAM17 has been shown in various malignancies (17) (18) (19) . However, reports on the expression and function of ADAM17 in prostate cancer are limited. ADAM17 mRNA expression was found in both androgen-dependent and androgen-independent prostate cancer cell lines (2) . Subsequent study showed ADAM17 expression in non-cancerous (BPH) prostatic tissues was lower than that in tumor samples (20) . Although the expression pattern for ADAM17 was determined in human prostatic adenocarcinomas, no functional assays were performed in these studies, where the expression has been investigated in a very limited way. Nevertheless, these studies raise the possibility of a functional role of ADAM17 in prostatic carcinomas. Therefore, the goal of this study was to investigate whether ADAM17 contributes to prostate cancer cell invasion and its mechanisms.
ADAM17 targets MMP-2 and MMP-9 via EGFR-MEK-ERK pathway activation to promote prostate cancer cell invasion

Materials and methods
Materials.
Primary antibodies against Akt, p-Akt, and p-EGFR were purchased from Cell Signaling Technology; antibodies against ERK, p-ERK, MMP-2, MMP-9 and GAPDH were from Santa Cruz Biotechnology; ADAM17 antibody was obtained from Abcam and EGFR antibody from SAB. HRP-labeled antimouse or rabbit antibodies were from Santa Cruz Biotechnology. Geneticin and culture media were from Gibco (Grand Island, NY, USA) and Hyclone (Logan, UT), respectively. TGF-α and EGF were from R&D Systems (Minneapolis, MN) and AG1478, LY294002, PD98059 were purchased from Cell Signaling Technology (Danvers, MA, USA). All the primers used in this research were synthesized by Shanghai Sangon Biotechnology Co., Ltd.
Cell culture. Human prostate cancer cell line DU145 and PC-3 were purchased from American Type Culture Collection, and PC-3M, PC-3M-1E8 and PC-3M-2B4 were obtained from the Peking University Health Science Center (Beijing, P.R. China). Cells were maintained in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS) (Gibco) and 1X penicillin/ streptomycin (Invitrogen, Carlsbad, CA, USA) at 37˚C in a humidified atmosphere (5% CO 2 /95% air).
Stable transfection of ADAM17 cDNA. The cDNA encoding human ADAM17 was obtained from human placenta and the pcDNA3.0-vector were purchased from Invitrogen. pcDNA3.0-ADAM17 was constructed by our laboratory. Stable transfection of pcDNA3.0-ADAM17 were done using Lipofectamine 2000 (Invitrogen) according to manufacturer's instructions. Fortyeight hours after transfection, 850 µg/ml G418 was applied to select G418 resistant cells.
RNA interference. For siRNA treatments, two 25-nucleotide synthetic duplexes of ADAM17 siRNAs (ADAM17-siRNA1 and ADAM17-siRNA2) were prepared by Invitrogen. Sequences are as follows: ADAM17-siRNA1, 5'-AUGAGUUGUAACCAG GUCAGCUUCC-3'; ADAM17-siRNA2, 5'-AUACAUGACAUA UUUCCCUCCCUGG-3' . DU145 cells grown to 40-60% confluency were transfected with ADAM17 siRNA or a negative control siRNA using Lipofectamine 2000 (Invitrogen) according to manufacturer's protocol. The transfected cells were harvested at 48 or 72 h for mRNA isolation and protein extraction, respectively.
Transfections of PC-3-ADAM17 cells with MMP-2-siRNA or MMP-9-siRNA were performed as described above. Nucleotide synthetic duplexes of MMP-2-siRNA and MMP-9-siRNA were obtained from Invitrogen. Sequences are as follows: MMP-2-siRNA, 5'-AGUAGAUCCAGUAUUCAUUC CCUGC-3'; MMP-9-siRNA, 5'-AAUACAGCUGGUUCCCAA UCUCCGC-3'.
Semi-quantitative real-time PCR. Total RNA from control treated cells was extracted using TRIzol reagent (Invitrogen). Then, 2 µg RNA was converted to cDNA with Superscript II reverse transcriptase (Invitrogen). The cDNA product was mixed with SYBR ® Green PCR Master Mix (Applied Biosystems) and specific primers of ADAM17 or β-actin in the subsequent PCR using ABI7500 real-time PCR system (Applied Biosystems). Primers used in this study were as follows: β-actin, sense: 5'-TACCTCATGAAGATCCTCACC-3'; antisense: 5'-TTTCG TGGATGCCACAGGAC-3'; ADAM 17, sense: 5'-AGCAACAG CATCCACCTAAT-3'; antisense: 5'-CAGGAGTGTCTGGAA TTGTC-3'. Annealing temperatures was 55˚C. Amplification cycles were 30 for ADAM17 and 23 for β-actin. Each reaction was done in triplicate to minimize experimental variation and transcript levels of β-actin were monitored as an internal control.
Western blot analysis. Cells treated with different compounds were harvested at indicated time, washed, and lysed in ice-cold lysis buffer (Beyotime Institute of Biotechnology, P.R. China) for 10 min on ice. The lysate was centrifuged at 12,000 g at 4˚C for 5 min. The protein concentration of extracts was determined with BCA reagent (Beyotime Institute of Biotechnology, P.R. China). Equal amounts of protein (40 µg/lane) were loaded, separated by 12% SDS-PAGE and transferred onto nitrocellulose membrane. After blocked with 5% non-fat milk, the membranes were incubated with different primary antibody at 4˚C overnight, and then HRP-labeled secondary antibodies. Immunoreactive bands were visualized using ECL Western blot detection reagents (Applygen Technologies Inc., Beijing, P.R. China). The expression levels of GAPDH were monitored as an internal control and the band intensities were normalized to that of GAPDH.
Matrigel invasion assay. Matrigel invasion assay were performed using Matrigel-coated transwell inserts containing polyacrbonate filters with 8 µm pores (BD Biosciences, San Jose, CA) in accordance with manufacturer's instructions. Briefly, the inserts were pre-hydrated with serum-free RPMI-1640 medium (500 µl/well) for 2 h at 37˚C in a humidified atmosphere (5% CO 2 /95% air). Cells (1x10 5 ) in 200 µl serumfree RPMI-1640 medium were plated onto the upper chambers, whereas 600 µl complete medium was added to the lower wells. After 24 h, cells on the upper surface of the filter removed by a cotton swab, and the invaded cells below the filter were fixed in methanol for 20 min, subsequently stained with 0.1% crystal violet for 30 min. The numbers of invading cells were then counted in each of ten random fields for a given well under a light microscope (Olympus IX51, Japan) at a magnification of x200. Ten random fields were numerically averaged and counted for each assay. The invasion index for each treatment was calculated by dividing the number of invading cells by the number of cells that invaded under control group. Invasion index was expressed as percentages of control values, as previously described (21) .
ELISA assay. The concentration of soluble TGF-α in supernatant and in total cellular extraction was determined by using commercial human TGF-α ELISA kit (Oncogene, Boston, MA) according to manufacturer's instruction.
Statistical analysis. Analyses were performed using the SAS system, version 9.1.3. The frequency of positive staining in different tissues was analyzed using χ 2 test. Spearman rank correlation analysis was used to assess the correlation between gene expression levels and tumor differentiation status. Quantification of the bands from RT-PCR and Western blotting were determined by MetaView Image Analyzing System (Version 4.50; Universal Imaging Corp., Downingtown, PA) and each band was normalized by its corresponding control. Results were expressed as mean ± SEM. p<0.05 was considered as statistically significant.
Results
ADAM17 expression level correlates with cell invasiveness in
androgen-independent prostate cancer cell lines. ADAM17 expression were investigated in five androgen-independent prostate cancer cell lines, DU145, PC-3, PC-3M, PC-3M-1E8 and PC-3M-2B4, which were derived from different metastatic sites and have different metastatic potential in vivo. The DU145 cell line was originally isolated from brain of a patient with prostate cancer, while the PC-3 cell line was from a bone metastatic lesion. The PC-3M variant was isolated from a liver metastasis in nude mice produced by the intra-splenic injection of PC-3 cells. PC-3M-1E8 and PC-3M-2B4, which possess opposite metastatic potentials but similar genetic backgrounds, are subclones of PC-3M. In vitro DU145 was found to be the most highly invasive cell line in Matrigel invasion assay, while PC-3M-2B4 was found to have the least invasive ability (Fig. 1A) . PC-3M-1E8 and PC-3M exhibited moderate invasive ability between that of DU145 and PC-3M-2B4. Low invasive ability was also detected in PC-3 cells, but was higher than that of PC-3M-2B4 (Fig. 1A) .
ADAM17 protein levels were measured in the total lysates obtained from these five cell lines by Western blot analysis. The results showed endogenous levels of ADAM17 protein were expressed in all the five androgen-independent prostate cancer cell lines. As shown in Fig. 1B , the protein levels of ADAM17 were considerably higher in highly metastatic human prostate carcinoma cell line DU145 and PC-3M-1E8, compared to PC-3M-2B4, the poorly metastatic cell line. Low levels and moderate levels of ADAM17 were detected in PC-3 and PC-3M, respectively (Fig. 1B) . The in vitro invasion assay showed ADAM17 expression level is correlated with invasive ability in androgen-independent prostate cancer cell lines.
Overexpression of ADAM17 increases invasiveness in prostate cancer PC-3 cells.
To further verify the possibility that ADAM17 could contribute to prostate cancer cell invasiveness, stable transfection of the PC-3 cell line with a plasmid for overexpression of human ADAM17 was employed in this study to establish high levels of ADAM17 expression. As shown in Fig. 2A and B, stable ADAM17 transfectant, namely PC-3-ADAM17, was detected to have increased levels of ADAM17 mRNA and protein compared with control vector transfection, named PC-3-Mock. Matrigel invasion assays were used to assess the invasive ability of PC-3-ADAM17 and PC-3-Mock to penetrate the extracellular matrix. The results showed that the invasiveness of PC-3-ADAM17 cells was 2.07±0.12-fold higher than that of PC-3-Mock (Fig. 2C) . 
ADAM17 activates EGFR, Akt and ERK1/2 phosphorylation, and increases MMP-2 and MMP-9 expression in PC-3-ADAM17 cells.
To explore the possible cell signaling pathways involved in ADAM17-regulated cell invasion, we first examined the EGFR phosphorylation level in PC-3-ADAM17 cells. ADAM17 overexpression caused an ~3-fold increase in EGFR phosphorylation compared to PC-3-Mock, while total EGFR was not significantly affected by the level of ADAM17 (Fig. 3A) . As EGFR activation can initiate a mitogenic cascade through ERK1/2 and Akt, we therefore investigate whether ADAM17 can activate Akt and ERK1/2. The levels of p-Akt and p-ERK were measured to evaluate the activation of PI3K-Akt and MAPK-ERK pathways after transfection of ADAM17. P-Akt and p-ERK expression showed significant increases in PC-3-ADAM17 cells compared with the PC-3-Mock cells (Fig. 3A) . Extensive data show that metalloproteases (MMPs), in particular MMP-2 and MMP-9, play important roles in prostate cancer cell invasion and metastasis. Thereby, Western blot analysis was employed to determine MMP-2 and MMP-9 expression levels in PC-3-ADAM17 cells. The results showed overexpression of ADAM17 in PC-3-ADAM17 cells up-regulated MMP-2 and MMP-9 expression significantly. To determine the contribution of MMP-2 and/or MMP-9 to ADAM17-regulated cell invasion, two independent small interfering RNA sequences targeting MMP-2 and MMP-9 were used to silence MMP-2 and MMP-9 in PC-3-ADAM17 cells, respectively. Results presented in Fig. 3B and C demonstrated that the two siRNA inhibited MMP-2 and MMP-9 expression significantly at both RNA and protein levels, respectively, compared to CTL siRNA-transfected PC-3-ADAM17 cells. Moreover, the siRNA mediated knock-down of MMP-2 or MMP-9 of PC-3-ADAM17 cells resulted in decreased invasive ability to penetrate the extracellular matrix in vitro (Fig. 3D) . These results revealed the involvement of MMP-2 and MMP-9 in ADAM17-mediated prostate cancer cells invasion in PC-3-ADAM17 cells.
EGFR-MEK-ERK not EGFR-PI3K-Akt pathway is involved in ADAM17-induced MMP-2 and MMP-9 expression in PC-3 cells.
As shown by previous studies MEK-ERK and PI3K-Akt pathways can up-regulate MMP-2 or MMP-9 expression in prostate cancer cells, we therefore examined whether these two pathways are all involved in ADAM17-mediated up-regulation of MMP-2, MMP-9 and cell invasion, or if one of them plays a more important role in this process. Increased phosphorylation of Akt induced by ADAM17 overexpression was prevented by PI3K-Akt inhibitor LY294002 in PC-3-ADAM17 cells. However, the expression of Akt, MMP-2 and MMP-9 was not changed obviously by LY294002 treatment (Fig. 4A) . Conversely, PD98059 prevented both ERK1/2 phosphorylation and MMP-2, MMP-9 expression in PC-3-ADAM17 cells, indicating increased expression of MMP-2 and MMP-9 by ADAM17 depends on ERK1/2 activation (Fig. 4B) . Preincubation of PC-3-ADAM17 cells with EGFR inhibitor AG1478 significantly attenuated ADAM17-induced phosphorylation of EGFR and ERK, as well as the overexpression of MMP-2 and MMP-9 ( Fig. 4C) , indicating that ADAM17 regulates MMP-2 and MMP-9 expression through EGFR-MEK-ERK, not EGFR-PI3K-Akt signaling pathway in PC-3-ADAM17 cells. Invasion assays revealed, as expected, PD98059 and AG1478 prevented PC-3-ADAM17 cells from pene trating the extracellular matrix in vitro, while LY294002 had no effect on the invasiveness of PC-3-ADAM17 cells (Fig. 4D) . Based on this observation, we concluded that ADAM17 promoted cell invasion by up-regulating MMP-2 and MMP-9 expression through EGFR-MEK-ERK pathway in PC-3-ADAM17 cells.
ADAM17 increases soluble TGF-α release which is a prerequisite for EGFR activation and cell invasion of PC-3-ADAM17 cells.
To establish whether ADAM17 could cleave ectodomain of pro-TGF-α in PC-3-ADAM17 cells, we further performed TGF-α specific ELISA to determine the concentrations of soluble TGF-α released into the medium and the total TGF-α in cells. As shown in Fig. 5A , PC-3-ADAM17 cells had more TGF-α released to supernatant, compared to PC-3-Mock cells, while total TGF-α in these two cell lines were not affected by ADAM17 levels (Fig. 5B) . Pretreatment of PC-3-ADAM17 cells with antibody to TGF-α decreased phosphorylated EGFR level, and inhibited cell invasion (Fig. 5B and C) . These results indicated that ADAM17 increased the cell invasive ability through A B mediating soluble TGF-α release, which subsequently activates EGFR signal pathway in PC-3-ADAM17 cells.
Knockdown of ADAM17 inhibited DU145 cell invasion by deactivating the signal pathways involved in the process.
Since stable PC-3-ADAM17 overexpressing cells exhibited increased invasiveness, to further verify the contribution of ADAM17 to prostate cancer cells invasion, we investigated the effect of down-regulating ADAM17 in DU145 cells, which shows relatively high ADAM17 expression (Fig. 6D) . Results of Fig. 6A showed that ADAM17 expression was significantly down-regulated at both RNA and protein levels in ADAM17siRNA-transfected DU145 cells. Soluble TGF-α released to supernatant was decreased while no apparent change of total TGF-α levels was observed in DU145 cells after ADAM17siRNAs transfection (Fig. 6B) . Furthermore, knockdown of ADAM17 markedly blocked activation of EGFR, ERK1/2 and Akt, inhibited MMP-2 and MMP-9 expression A B C Figure 5 . Release of soluble TGF-α is a prerequisite for ADAM17-mediated cell invasion in PC-3-ADAM17 cells. (A), ADAM17 increased soluble TGF-α releasing to the supernatant but had no effect on total TGF-α. PC-3-ADAM17 cells (5x10 5 ) were seeded into 60 mm-dish and allowed to attach for 24 h, and were cultured in fresh media for another 24 h. Then the media were collected and the cells were harvested. The concentration of soluble TGF-α in supernatant (left panel) and the total TGF-α in cellular extraction (right panel) of PC-3-ADAM17 cells were determined by a ELISA kit. ** p<0.01 vs PC-3-Mock. (B), Ab-TGF-α prevented EGFR phosphorylation in PC-3-ADAM17 cells. PC-3-ADAM17 cells were pretreated with or without Ab-TGF-α for 1 h, and were cultured in media containing 4 µg/ml Ab-TGF-α or not for another 24 h. Then total cell lysates from these cells as well as from PC-3-Mock cells were subjected to immunoblotting with antibodies against p-EGFR, EGFR and GAPDH. ** p<0.01 vs PC-3-Mock. ## p<0.01 vs PC-3-ADAM17. (C), Ab-TGF-α inhibited PC-3-ADAM17 cell invasion. PC-3-ADAM17 cells (5x10 5 ) were pretreated with or without 4 µg/ml antibody against TGF-α for 1 h, then cells were washed by PBS and typsinized, followed by cell counting. Cells (1x10 5 ) in 200 µl serum-free media containing 4 µg/ml Ab-TGF-α were used in Matrigel invasion assays as described in Materials and methods. ** p<0.01 vs PC-3-Mock. ## p<0.01 vs PC-3-ADAM17.
and decreased cell invasive ability in DU145 cells, compared with CTL siRNA-transfected cells (Fig. 6C-E , Knockdown of ADAM17 deactivated EGFR, AKT, ERK1/2 phosphorylation, and down-regulated MMP-2, MMP-9 protein levels in DU145 cells, which could be reversed by exogenous soluble TGF-α. DU145 cells transfected with ADAM17 siRNAs or CTL siRNA for 72 h were cultured in fresh media for 1 or 24 h with or without 20 ng/ml soluble TGF-α. Then the cells were harvested and cell lysates were subjected to immunoblot analysis with specific antibodies as indicated. The same blots were stripped later and reprobed with antibody to GAPDH. (D), Quantitative analysis of band density normalized to GAPDH as to the result of (C). Each bar represents the means ± SEM of three independent experiments. ** p<0.01 vs CTL siRNA. ## p<0.01 vs ADAM17siRNA1. (E), Knockdown of ADAM17 decreased cell invasive ability, which could be reversed by simultaneous addition of TGF-α. DU145 cells were transfected by ADAM17 siRNAs or CTL siRNA for 72 h. Then cells were washed by PBS and typsinized, followed by cell counting. Cells (1x10 5 ) in 200 µl serum-free media with or without 20 ng/ml soluble TGF-α were employed in Matrigel invasion assays as described in Materials and methods. ** p<0.01 vs CTL siRNA.
## p<0.01 vs ADAM17siRNA1.
C results these studies suggest that ADAM17 promotes prostate cancer cells invasion by releasing soluble TGF-α, which binds with EGFR and activates EGFR as well as its downstream signaling process ERK1/2, subsequently increasing MMP-2 and MMP-9 expression.
Discussion
Clinical observations provide evidence that despite current therapies, about one third of prostate cancers invade surrounding tissue, metastasize to distant organs, and consequently cause death. Survival of a patient with prostate cancer is directly related to the spread of the tumor (22) . Therefore, an understanding of the mechanisms responsible for the regulation of invasion and metastasis is urgently needed in prostate cancer. ADAM17, acting as a signaling scissor in the tumor microenvironment has been associated with tumorigenesis and tumor progression (23) . In breast cancer, ADAM17 was increased in high-grade versus low-grade invasive tumors (24) , when ADAM17 was inhibited or suppressed there was attenuation in tumor invasiveness and malignancy, resulting in a better outcome for breast cancer patients (25) . ADAM17 level has already been shown as an independent predictor of patient outcome (26) . In renal cancer cells, silencing of ADAM17 was found to restore a dependence on exogenous growth factors, reduce invasion, and block in vivo tumor formation (27) .
To investigate the functional role of ADAM17 in prostate cancer, we first examined its contribution to prostate cancer cell invasion. Five androgen-independent prostate cancer cell lines, which were derived from different metastatic sites and have different metastatic potential in vivo, were employed to clarify the correlation of ADAM17 expression level with cell invasive ability. The results showed ADAM17 was considerably increased in highly metastatic prostate cancer cell lines versus low metastatic and poorly metastatic cell lines. Stably overexpression of ADAM17 in PC-3 cells increased cell invasive ability, while knockdown of ADAM17 in DU145 cells decreased cell invasion, compared to untreated PC-3 cells or DU145 cells, respectively. Our results indicated that ADAM17 expression levels are correlated with the invasive ability in androgen-independent prostate cancer cell lines.
EGFR and its downstream signaling pathway are key regulators of tumor cell proliferation and metastasis in a variety of tumors (28) . EGFR is frequently deregulated in cancers (29, 30) . About 30% of PCa patients have EGFR overexpression (31) . EGFR can be activated by one of seven possible ligands, each of which is initially expressed as a transmembrane precursor that is proteolytically shed from the cell surface by proteases (32) . Extensive data show that ADAM17 is responsible for shedding of EGFR ligand, such as pro-TGF-α, pro-HB-EGF, amphiregulin or epiregulin in different cells (12) . Our study demonstrated that ADAM17 increased activation of EGFR as well as TGF-α release to the supernatant in PC-3-ADAM17 cells, compared to PC-3-Mock cells. A specific antibody to TGF-α blocked the activation of EGFR and decreased cell invasive ability of PC-3-ADAM17 cells. Knockdown of ADAM17 inhibited EGFR activity, decreased TGF-α releasing and prevented DU145 cells to penetrate the extracellular matrix. However, this effect could be reversed by additional supplementation with recombinant soluble TGF-α (20 ng/ml). TGF-α is one of the two EGFR ligands expressed in prostate cancer. Previous studies have demonstrated that with the disease progresses to more advanced stages, TGF-α is the predominant ligand for EGFR (33, 34) . Moreover, cell lines derived from different prostatic cancers and their metastases, including DU145 overexpress TGF-α (35, 36) , and TGF-α/EGFR autocrine loop is a hallmark of PCa invasion and progression (37, 38) . Therefore, based on these studies and our results, we concluded that ADAM17 contributes to PCa cell invasion through activation of EGFR pathway by shedding of pro-TGF-α. TGF-α binding to EGFR leads to receptor self dimerization, autophosphorylation and subsequent activation of MEK-ERK and PI3K-Akt pathways, which are responsible for a variety of mitogenic, metastatic and other tumor-promoting cellular activity (39, 40) .
In the present study we observed that ADAM17 activated ERK1/2 and Akt phosphorylation in PC-3-ADAM17 cells, compared to PC-3-Mock cells. In contrast, specific ablation of ADAM17 by siRNA decreased the activation of ERK1/2 and Akt, indicating that ADAM17 contributes to these signaling transduction pathways. Accordingly, suppression of EGFR or ERK1/2 activity by inhibitor AG1478 or PD98059, respectively, reduced the high invasion characteristics in PC-3-ADAM17 cells. These data further suggested that ADAM17 contributes to tumor invasion through activation of EGFR-MEK-ERK pathway.
However, we could not show the requirement of pAkt for invasion of PC-3-ADAM17 cells, because inhibition of PI3K-Akt pathway by inhibitor LY294002 had little influence on cell invasive ability. Consistent with our results, several studies have shown that p-Akt was not required for invasion in androgen-dependent prostate cancer cell line MDA PCa 2b, as well as an androgen-refractory subline MDA-hr (22) . A previous study also showed that prostate-restricted Akt hyperactivity caused prostatic intraepithelial neoplasia but not invasive cancer in the MPAKT (murine prostate restricted Akt kinase transgenic) mouse model (41) . Accordingly, we found that PI3K-Akt pathway contributes to ADAM17-stimulated cell proliferation in PC-3 cells (unpublished data).
One of the key steps in cancer invasion and metastasis is the degradation of extracellular matrix. MMP-2 and MMP-9 have been demonstrated to play important roles in the process (22, 42) . Many studies indicated that increased levels of MMP-2 or MMP-9 in the serum or tissue samples of prostate cancer patients are correlated with advanced stage (43, 44) . In vitro studies also showed the expression of MMP-2 and MMP-9 associate with high invasive and metastatic potential of prostate cancer cell lines (45) (46) (47) (48) . Moreover, the expression of MMP-2, MMP-9 or TIMP-3 showed a 100% specificity for diagnoses of prostate cancer (49) . These results suggested that up-regulated expression of MMP-2 and MMP-9 may be critical to PCa progression. Our results showed MMP-2 and MMP-9 expression levels were increased by high ADAM17 expression, and decreased by lower ADAM17 expression in PC-3-ADAM17 cells and DU145-ADAM17-siRNA transfected cells, compared to control, respectively. Moreover, specific ablation of MMP-2 or MMP-9 by siRNAs inhibited cell invasion of PC-3-ADAM17 cells, further demonstrating the importance of MMP-2 and MMP-9 in ADAM17-mediated prostate cancer cell invasion.
Although it has been indicated that MMP expression is regulated by EGFR and downstream signal pathway, whether expression of MMP-2 and MMP-9 is regulated by PI3K-Akt or MEK-ERK pathway is controversial in prostate cancer. Preincubation of PC-3-ADAM17 cells with EGFR or ERK inhibitor AG1478 or PD98059 attenuated MMP-2 and MMP-9 expression significantly, while no similar result was observed with PI3K-Akt inhibitor LY294002. Consistently, knockdown of ADAM17 by siRNA caused substantial down-regulation of MMP-2 and MMP-9, which were reversed by simultaneous addition of TGF-α and subsequent reactivation of EGFR and ERK.
Taken together, these results suggest that ADAM17 prompted prostate cancer cell invasion by up-regulating expression of MMP-2 and MMP-9 through activation of EGFR-MEK-ERK signal pathway.
In conclusion, we have demonstrated for the first time that ADAM17 contributes to androgen-independent prostate cancer cell invasion by shedding EGFR ligand TGF-α, which subsequently activates the EGFR-MEK-ERK signaling pathway, leading finally to expression of MMP-2 and MMP-9. These data indicate that ADAM17 facilitates prostate cancer cell metastases to other organs. Taken together, the present study suggests that ADAM17 expression level may be a new predictive biomarker of invasion and metastasis of prostate cancer. ADAM17 could provide a target for treating metastatic PCa, and as such, the development of ADAM17 inhibitors or specific methods for overexpressed ADAM17 in tumor treatment warrants further study.
